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Climate change is a global problem with its impacts on environment, health of human, food security, economic activities, natural resources and physical infrastructures. This study was carried out to assess the climate change adaptation in improving the livelihood of the rural community at Kokota islet.  The Community Forest Pemba project has financed project that implemented adaptation options at the community level in order to enhance the resilience of those communities to climate change. Quantitative method was used in gathering information.  Types of data collected were primary and secondary. The Multinomial Logit regression was used to determine the factors affecting the choice of adaptation options.  The climate change impacts in the study area were low yields of crops, diseases in plants, diseases in human, decreased fish catch and water scarcity.  The adaptation options implemented were tree planting, rainwater harvesting, solar energy, fuel efficient cooking stoves and agro-forestry.  The results from the multinomial logit regression model revealed that age of household heads, sex, education level, number of year lived in the area, lack of knowledge and information on climate change adaptation options, lack of government support on the means of adaptation and access to credit influencing the households’ choice of adaptation options. The findings of this study have revealed that there is a need to improve accessibility of climate change information in the study area and other areas and accessibility to financial system which will enhance capacity of resilience to climate change adverse effects. The government should strengthen relationship between extension officers and smallholder farmers for betterment of climate change adaptation. 
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This chapter covers the background of the study which describes the overview of the Community Forest Pemba project and also climate change worldwide, in the Africa and Tanzania, statement of research problem also has been discussed, research objectives and research questions have been outlined, relevance of the study and organization of the research also included.

1.2	Background to the Study 
Climate change has been making life on Pemba Island more and more risky.  Community Forest Pemba has been innovating ways of living and working that combat poverty and inequality while also increasing resilience.  Since 2009, Community Forest Pemba Project has been supporting rural communities throughout Pemba Island and has piloted and maintained many communities initiated development and climate change adaptation activities in Pemba including solar energy generation, rainwater harvesting, agroforestry, production of charcoal substitutes, earth block construction, beekeeping, forest and mangrove restoration and kitchen garden.   

The study focused on the Kokota islet which is the tiny Tanzanian Islet.  For centuries, Kokota’s residents subsisted by harvesting the island’s natural resources.  Also faced threatens largely out of their control, this is a changing climate which has meant the island is now experiencing sea levels, more erratic rainfall, drought and coral bleaching in the surrounding water. Fisheries were depleted which threatened the Kokotan’s food supplies and rivers ran dry which left people with little water to drink or cook with, and also deforestation. The major livelihood activities in the islet are fishing and cultivation of different crops like cassava and banana which have been affected by the climate change. The Community Forest Pemba (CFP) project has financed project that implemented adaptation options at the community level so as to enhance the resilience of those communities to climate change.  

Climate change is shorthand for anthropogenic global warming, caused by higher concentrations of Greenhouse gases (GHG) in the atmosphere, especially carbon dioxide from combustion of fossil fuels. These gases insulate and warm the earth by preventing infrared radiation from escaping back into space (Prowse and Snilstveit, 2010).  It is considered to cause threats to sustainable development with adverse impacts on environment, health of human, food security, economic activities, natural resources and physical infrastructures (IPCC, 2007).  

Further, climate change poses novel risks often outside the range of historical experience.  These include increases in mean temperatures and sea levels, changes in precipitation patterns, melting of glaciers and permafrost and changes in the intensity and/or frequency of extreme weather conditions such as droughts, heat waves, floods and hurricane.  The international agreement concluded that climate change is one among of the most serious threats to sustainable development both now and future. As the part of the IPCC report of 2007 clarified, the climate system is warming unambiguously and accelerating, and a certain amount of change in the climate inevitable. This means that mitigation and adaptation actions are essential. 
Efforts towards GHG emissions need to move hand in hand with policies and initiatives to adapt to the impact of climate change.  Nonetheless, the political awareness for adaptation is less than for mitigation and enabling environment for adaptation are generally less developed. In addressing climate change at global scale, there have been two key pathways; adaptation and mitigation. Farmers can achieve their food, income and livelihood security through adaptation options as climatic conditions and extreme weather conditions such as drought and floods are changing (Kandlinkar and Risbey, 2007).  Societies have a long record of adapting to the variations of weather and climate through behavioural change, choices of technology and infrastructure, use of market instruments and public policies.  Nonetheless, progress on adaptation to climate change remains limited in both developing and developed countries. Furthermore, adaptation involves individuals, communities, governments and NGOs (Hay & Mimura, 2006).

Africa is the one among the most vulnerable regions to climate change to the world (Mary & Majule, 2009).  Studies show that developing countries, of which the majorities are in Africa are the ones that have severely been affected by the climate change (Kurukulasuriya and Mendelsohn, 2008).    The problem is expected to be most severe in Africa where current information is the poorest, technological change has been slowest and domestic economies depends heavily on agriculture (Action Aid, 2008).

The climate of Tanzania is highly variable and unpredictable while assessments indicate that the country is prone to extreme weather conditions, including droughts and floods (Shemsanga, 2010).  Small Islands whether located in the tropics or higher latitudes have characteristics which make them to have particular vulnerability to the effects of climate change such as sea level rise and extreme events (Adger, et al., 2007).  The overall observations for climate trends in Zanzibar indicate large inter-decadal variations in the sea levels, with decreasing trends from the 1980s (Ragoonaden, 2006). 

The poorer households with the lowest capacity to adapt to climate change will have the greater negative impacts of climate change as climate conditions change.   Adaptation measures are therefore important to help these communities to better face extreme weather conditions and associated climatic variations (Adger et al. 2003).  Climatic variations will have consequences for the availability of water resources, frequency of pest and diseases and soil quality, leading to significant changes in the conditions for agriculture and livestock production.  to significant changes in the conditions for agriculture and livestock production.  Common technologies in agriculture which are used as adaptation options include use of new crop varieties, livestock species that are better suites to drier conditions, irrigation, crop diversification, adoption of mixed crop and livestock farming system and changing planting dates (Onyeneke and Madukwa, 2010).   
  
1.3 Statement of the Research Problem
Climate change is due to higher concentration of GHG especially carbon dioxide in the air caused by anthropogenic activities. Climate change causes sea level rise, ocean become more acidic, beach erosion, soil erosion damage coral systems, drought and floods. The rise and fall of trends of temperature and rainfall respectively, outbreak of human and crop diseases are the results of climate change (Sanga, et al., 2013). Kokota Islet is the study area which is impacted by the climate change stresses such as drought and has experienced with the stress of freshwater scarcity and isolation. The area is adversely impacted by the climate change in terms of livelihood activities. Agriculture, livestock, fishing and human health are adversely impacted by climate change.  No earlier study was conducted on the adaptation options.  In considering this gap, the research has studied on climate change adaptation options implemented at Kokota islet.  

1.4 Main Objective 
To assess the climate change adaptation options in improving livelihoods of rural community at Kokota islet.

1.4.1	Specific Research Objectives 
i	To identify climate change impacts on livelihood activities to rural community at Kokota islet.
ii	To identify climate change adaptation options implemented to rural community at Kokota islet. 
iii	To identify challenges encountered in implementation of climate change adaptation options.

1.4 Research Questions
The research questions to be asked in solving the research problem are as follows:
i	What are the impacts of climate change on livelihoods?
ii	What is the adaptation options implemented?
iii	What are the challenges encountered in implementing adaptation options? 

1.5 Relevance of the Research
The information from this study will be utilized for further studies and research in the same areas.  It will also help the rural communities to opt to implement climate change adaptation which can tackle the climate change impacts and hence can improve their livelihood.  For the government, the study will help in conducting other studies at the areas where experienced the same problem.  Researchers can do more research on those interventions which show the success.  The study also is important in helping to graduate in Masters of project Management program.  

1.6 Scope of the Study 
The scope of the study explains the extent to which the research area will be covered.  The research was initiated at Kokota islet to assess the climate change adaptations in improving the livelihood of rural communities.  The area adversely affected by the climate change in terms of their livelihood activities. The results from the multinomial logit regression model revealed that age of household heads, sex, education level, number of year lived in the area, lack of knowledge and information on climate change adaptation options, lack of government support on the means of adaptation and access to credit influencing the households’ choice of adaptation options.  The research has adopted positivism philosophy that adheres to the factual knowledge gained through measurements and observation.  The study has adopted survey as research strategy and quantitative data were collected using questionnaire and analysed using statistical software like SPSS.
1.6 Organization of the Research


















In this chapter it involves some conceptual definitions concerning with climate change, theoretical literature review and empirical literature review have explained, research gap has shown, conceptual frame work has constructed and summary for literature review has developed.

2.2 Conceptual Definitions
Climate change refer to the deviation from a regional climatology determined by analysis of long-term measurements, usually over a period of at least 30 years or the normally experienced climate conditions and a different, but recurrent set of climate conditions over a given region of the world (IPCC, 2007).
Climate Change refers to the statistically significant variation in either the mean state of the climate or its variability, persisting for an extended period, typically decades or longer (WMO, 2008).
Climate change refers to the variation at global or regional level over time.  It describes the variability or average state of the atmosphere or average weather over time scales ranging from decades to millions years (Global Greenhouse Warming, 2016).  
Adaptation on the other hand is focused on adjusting behaviours so that people be able to cope with the climate change effects (AOSIS, 2008). 
Mitchell and Tanner define adaptation as an understanding of how individuals, groups and natural system can prepare for and respond to change in climate or their environment.
Adaptation to climate change refers to the adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities.
A livelihood comprises the capabilities, assets (both material and social resources) and activities required for a means of living (Carney, 2008). 

2.3 Critical Review of Supporting Theories or Theoretical Analysis
Climate change is defined as a result of temperature variability due to greenhouse gasses emissions produced by human activities (Hope, 2009).   For example, it is estimated that over 2.8 billion people in the world live in area prone to more than one type of physical manifestations of climate change which include floods, storms, droughts and sea level rise (FAO, 2005).  The significant impacts on the livelihoods of the rural poor is expected in the developing countries due to climate change (Mbilinyi, et al., 2013). 

The IPCC Fourth assessment report predicts that climate change is possibly to have a significant effect on agricultural production in many African countries.  The countries which are more dependent on productivity in the primary sector are likely to have a greater impacts of climate change.  Yet, even with the most ambitious mitigation and adaptation actions, the inertia of the system will ensure that the climate change impacts will sustain for centuries, if not beyond a millennium.  The concept of adaptation is used in many fields ranging from biology to the arts. The process of adaptation depends on many factors including who or what adapts, what they adapt to, how they adapt and what and how resources are used.  Adaptation to climate change has a numerous theory which are: 
 
Theory of change (TOC): Theory of change is one of the more robust approaches to designing and evaluating climate. Change adaptation, which is inherently complex, multifaceted and long-term in scope. ToC processes articulate assumptions that underlie a programme and thresholds that identify what is needed to advance along a causal pathway. This clarifies the logic of an intervention and helps evaluators capture why and how an intervention is or is not affecting change.  This in turn helps an organisation update its adaptation strategy. The flexibility of theory of change accommodates the uncertainties that inherent in adaptation processes.

An action theory of adaptation to climate change: The IPCC definitions and analysis of (Smit and Skinner, 2000) motivate adaptation by environmental stimuli that affect given entities, subjects or systems.  In this approach it is more specific to human systems, individuals and collective actors.  Action requires actors and intention.

Theories of transformation: Drown from both the resilience and vulnerability literature to produce the Adaptation Action Cycles concept and applied framework.  The resulting Adaptation Action Cycles provides a novel conceptualisation of incremental and transformation adaptation as continuous process depicted by two concentric and distinct yet, linked action learning cycles.  The main challenge facing adaptation science is to improve our theoretical understanding and predictive capacity (Wheaton and Maciver, 1999). 
Adaptation to the impacts of climate change is now at the forefront of scientific inquiry and policy negotiations. Yet ongoing debates and interactions have contributed surprisingly little to the understanding of learning and decision making processes that shape adaptation and resilient livelihoods, even beyond climatic risks. For instance, the widely cited paper on adaptation and adaptive capacity by Smit and Wandel (2006) contains no single reference to learning.  With special emphasis on Africa, we begin by addressing the main challenges; grasping adaptation as a process and building adequate tools for anticipatory learning.

Prospect theory, mitigation and adaptation to climate change: This theory explains on appropriate policies to efficient adaptation and mitigation that should not exclusively rely on the assumption of the homo economics, but take advantage of well-researched alternative behavioural pattern.   It provides a number of climate relevant insights, such as the notion that evaluations of outcomes are reference dependent and the relevance of perceived certainty of outcomes.  Prospect theory can offer to analyse mitigation and adaptation (Osberghau and Claudia, 2013).  This study will be guided by the prospect theory and an action theory of adaptation and mitigation.  In accordance with the (IPCC, 2007) they distinguish autonomous adaptation being a component of vulnerability and planned adaptation targeted at reducing impacts of climate change or reducing vulnerability (Eisenack and Stecker, 2010).

Policy implication: One obvious and common way of thinking about and speaking adaptation in the public is risk assessment and disaster management which assesses what the likely new dangers are in particular in terms of infrastructure damage, emergency management, liability and then address how government can prepare for them (IPCC, 2012). This approach focuses primarily on issues such as emergence response and its implementation in vulnerability to such risks or risks to human capabilities. Different approaches to and design for adaptation impact the ability to address issues of justice.  

Framing the relationship between approaches to adaptation planning and the role of justice is through Palling’s typology of adaptation planning.  Climate justice has often been articulated in terms of unequal construction and climate change impacts.  Schlosberg, et al., (2017) has argued that a capabilities approach can be used to frame a form of adaptation policy with justice at its core.  O’Brien and Selboe (2015) argued that adaptation to climate change is unlikely to have long-term effects if it is treated as technical problem.  Adaptation must address and challenge the drivers of risk and vulnerability including various social, political and economic systems and structures.

The practical science of adaptation to climate change is new, whereas the practice of adaptation to climate is very old.   Currently, few adaptation policies for climate change are in place, Burton (1996).   Climate change poses risks to human health, ecosystem, social and cultural systems and economic development and also provides opportunities, and   the goal of climate change policy should be to reduce the risks and take advantage of the opportunities (Scherage, et al., 2003).  In order to make informed decisions, policymakers will need timely and useful information on possible climate change consequences. 
Climate change and industrial policy: Industrial policy is a guide to government intervention in the economy is like a phoenix risen from the ashes (Evenett, 2006).  Naude (2010) has argued that there are a number of rationales for industrial policy including the threats and opportunities posed by climate change.

Implication for industrial policy: Achieving low-carbon industrialization has a number of interrelated for industrial policy.
i	International coordination of Industrial Policy
A piecemeal country-by-country approach is likely to be optional.  In the past industrial policy was very much nationally oriented with little cooperation and coordination between countries.  Now however a transition to low-carbon economy will require global cooperation and coordination (Naude, 2011).
 
ii	Objective of low-carbon Industrial Policy
A second implication of the need for low-carbon industrialization for Industrial Policy is fundamental objective of low-carbon Industrial Policy and the cooperation and coordination to underpin it.  However, such coordination is done it might mean that Industrial policy will face certain international constraints but will have to balance the globally pressure for climate change mitigation against national pressure for job creation and infrastructures (Naude, 2011).

iii	Innovation-Driven Industrial Policy
Achievement of low-carbon revolution is clearly impossible without innovation and technological change. Innovation is a complex process and requires the system approaches as is seen on country basis in governments’ effort to enhance their national systems of innovation and on an international level (Naude, 2011).
iv	Aligning Industrial policy with Trade
Industrial low-carbon economy will have important repercussions for trade and hence trade policies.  One of the central global issue that has spilled over from the industrial low-carbon debate onto the trade arena is related to concerns about carbon leakage.  This fear is that regions that take the lead in moving to a low-carbon industrial base could become competitively disadvantaged (Naude 2011).

v	Funding Industrial Policies for a low-carbon economy
Financial resources would need to be made available for developing countries.  At COP15 that took place in Copenhagen in Denmark December, 2009, member states agreed to create a funding mechanism to support mitigation of climate change in developing countries.  For developing countries international transfer will be a key source of funding a low carbon economy as well as for adaptation.  Generally, though especially coming after the financial crisis, may developing countries will find it hard to scrape together substantial funds for supporting mitigation efforts and particularly low-carbon industrialization (Naude, 2011). Promoting low-carbon industrialization and obtaining its accompanying development benefits will itself improve the ability of currently poor countries to adapt to the climate change (Szirmai, 2009).

Industrial implication: Rising temperatures and sea levels, along with increased incidence of extreme weather events, pose a threat to the world economy.  According to the IPCC damage to the world economy may be moderate, but certain regions and industries will be much more affected (​http:​/​​/​ipcc-wg2.gov​/​AR5​/​images​/​uploads​/​WG2AR5_SPM_FINAL.pdf" \t "_blank​) than others. The following seven industries are those considered among the most at risk in the climate-change era which are: insurance, agriculture, energy, beverage industry, commercial fishing, ski and wineries (Duva, 2014).  

2.4 Empirical Literature Review
2.4.1 Cross Country Studies
Global climate is already at a rate unpredicted in the past 1000 years (IPCC, 2001) and is therefore inevitably altering the characteristics of local and regional weather around the world. Adaptation helps farmers achieve their food, income and livelihood security in the face of changing climatic conditions, extreme weather conditions such as droughts and floods (Kandlinkar and Risbey, 2000).  Analyzing perception and adaptation is therefore deemed important for finding ways to help farmers adapt in the context of developing countries rural economies (Sanga et al., 2013).  

Recent years have seen adaptation come to the fore international climate change debate, the focus is centred largely upon enhancing the capacity of developing countries and the poorest to adapt the impacts of climate change.  As a result, interventions to facilitate adaptation need to identify and key barriers to ensure that societies are resilient in the face of a changing climate and foster successful adaptation.

In Vietnam adaptation is mostly occurring though vulnerability reduction.  Actions include improving rural livelihoods and supporting the creation of alternative activities which can generate income such as growing mushroom and beekeeping (Hoang et al., 2011). 
The study conducted by Abid and his colleagues (Abid, et al., 2015) on farmers’ perceptions of and adaptation strategies to climate change and their determinants:  the case of Punjab province, Pakistan.  The adaptation options implemented were changing crop varieties, changing planting dates, planting of shading trees and changing fertilizers.  The results from multinomial logit regression model revealed that education, farm experience, household size, land area, tenancy status, ownership of a tube well, access to market information, information on weather forecasting and agricultural extension services influence farmers’ choice of adaptation options.  The constraints to adaptation to climate change were, lack of information, lack of money and shortage of irrigation water. 

According to Alam, et al., (2015) studied on farmers’ adaptation to water scarcity in drought-prone environments:  A case study of Rajishashi District, Bangladesh has employed multinomial logit regression which found that famers with more experience of farming, better schooling, more secure tenure rights, better access to electricity and institutional facilities and awareness of climatic effects are more likely to adopt alternative adaptation strategies. The study conducted by Kumar and sadina (Kumar and Sadina, 2018) using the multinomial logit regression.  Adaptation options practiced were laser levelling of the field and improvement in irrigation structures.  He results revealed that age, education, farm size, perception on temperature and extension lectures affecting the adaptation choices.

Adeoti and his colleagues (Adeoti, et al., 2016) conducted the study on analysis of farmers’ vulnerability, perception and adaptation to climate change in Kwara State, Nigeria. Adaptation options implemented were soil conservation, planting of improved variety, changing planting date, diversification to non-farm activity, changing farm size.  The results indicated that education of household head, farming experience, land ownership, rainfall and temperature were significant factors that determined the famers’ choice of adaptation strategies to climate change.

2.4.2 Studies in Africa
Climate change is expected to have a significant influence on livelihoods of rural people in developing countries (Below et al., 2010).  The IPCC Fourth Assessment Report predicts that climate change is possibly to have a significant effect on agricultural production in many African countries.  Projected reductions in yields in some African countries could be as much as 50% by 2020, and net crop revenues could fall by 90% by 2100 (Boko et al., 2007).  Any realistic assessment of adaptation practices needs to take into account the linkages between actors and levels (Smit and Skinner, 2000).   

The study conducted by Alex and his colleague (Alex et al., 2017) on analysis of farmers’ choices for climate change adaptation practices at South – Western in Uganda has used multinomial logit model to determine the drivers of farmers’ choice for adaptation practiced factors that influence the choice of adaptation and barriers.  The adaptations practiced were tree planting, soil and water conservation, use of different crop varieties, early and late planting and furrow irrigation.  The MNL results indicated that the age of household heads, farming experience, household size, climate change shocks, land size, use of agricultural inputs, landscape position and crop yields varied influenced farmers’ choice of climate change adaptation options. The barriers were inadequate information on adaptation methods and financial constraints.   

According to Alem and his colleagues (Kidanu, et al., 2016) who conducted study on assessing farmers’ perception and adaptation options to climate change in six kebeles selected from agro-ecological zones of Dire Dawa Administration, eastern Ethiopia.  The adaptation options implemented were soil and water conservation with or without agronomic practices like change in cropping time, crop type and variety and crop diversification. The multinomial logit regression model was used to determine factors influencing households’ climate change adaptation options and results revealed that farm size, level of education of household heads, agro-ecology, livestock owned, farm income and credit service significantly and positively influences one or a combination of climate change adaptation options.  On the other hand, gender, age of household heads and non-farm income significantly and negatively influence the climate change adaptation options.

Ubisi, et al., (2017) conducted study on smallholder farmers’ perceived effects of climate change on crop production and household livelihoods in rural Limpopo province, South Africa.  The multinomial logit model regression was used to analyse the factors influencing smallholder farmers’ choice of climate change options.  The results found that, there was prolonged drought, low crop yield and high crop failure.  The adaptation options used were changing planting dates, crop varieties, diversification and mixed cropping.

The study on farmers’ choice of adaptation strategies to climate change and variability of farmers in Savelugu – Nanton District northern region of Ghana in which the multinomial logit regression model was used to determine the factors that influencing farmers’ choice of adaptation options to climate change and variability.  The results revealed that gender, age, education, household size, farming experience, access to extension, access to credit, access to mobile phone and perceived decreased rainfall influenced farmers’ choice of adaptation options (Alhassan, et al., 2019)

According to Entete, et al., (2015), conducted study on the choice of climate change adaptation strategies among food crop farmers in Southwest Nigeria and used multinomial logit regression to analyse factors influencing the choice of adaptation strategies.  The results indicated that adaptation options were multiple crop varieties, land fragmentation, multiple planting dates, crop diversification, off-farm employment and cover cropping.  Also result revealed that household size, age, education, gender, average farm distance, access to credit, tenure security and agro-forestry influencing famers’ choice of adaptation strategies.

2.4.3 Studies in Tanzania
The wider global climate change trends are greatly reflected in Tanzania’s climate.  Studies show that in Tanzania mean annual temperatures and average daily temperatures will rise by between 2 to 4oC by 2075 as a direct consequence of climate change (URT, 2003).  In Tanzania rainfall models indicate that rainfall will become less predictable and their intensity more volatile (IPCC, 2001).  Studies on climate change in Tanzania show that there will be an increase in extreme weather events (URT, 2003).  The extreme weather events are associated with flooding, droughts, cyclones, tropical storms all of which are projected to be more intense, frequent and unpredictable.  
Studies have indicated that Tanzania water resources will have non-uniform impacts as a result of climate change.  Among the impacts Tanzania is likely to face include water logging, water pollution, increasing river flow in some basins, drying up of some water bodies, intrusion of sea water into fresh water bodies including ground water, etc (URT, 2007). Tanzania is among the likely countries to suffer significant impacts in her coastal regions and ecosystems. Tanzania enjoys an 800 km long coastal line that varies in width from about 20km to 70km.  Major cities of national and international importance like Zanzibar, Bagamoyo and Pangani lie in the coast (Mwaipopo, 2001).  

According to Roessig, et al., (2004), warm temperatures have been noticed to have depressing impacts on fisheries of the whole of East African region in both fresh water and sea water. Fishing employs many people and offers an important source of food in Tanzania. Any major imbalances in the sector will have major detrimental effects to both food security and economic opportunities (Paavola, 2004).  According to Kangalawe and his colleague Lymo, (Kangalawe and Lyimo, 2013) in the study on climate change, adaptive strategies and rural livelihoods in semi-arid Tanzania, the methods used were structured and semi-structured interviews, participatory assessment included focus group discussion and key informants’ interviews. 

The results revealed that communities have developed multiple adaptation strategies included growing of drought tolerant and early maturing crop varieties, increasing wetland cultivation, rain water harvesting for small-scale irrigation and livestock keeping.  Diversification of adaptive strategies such as rain water harvesting for small- scale irrigation, integration of livestock and crop production are crucial to ensure sustainable livelihood in a changing climate 

Sanga, et al., (2013) showed that the study investigated small farmers’ perceptions to climate change, farm level adaptation efforts and limitation, factors influencing adoption mechanism in Pangani River Basin and Pemba of Tanzania. The study has also revealed a number of important adaptation options being used by small farmers in the area include mixed cropping, soil and water conservation measures, planting more trees for shading and litter for mulching, using more inorganic fertilizers, change plant dates, planting drought resistant crops and irrigating their farm plots.  

The analytical approaches used were Multinomial Logit (MNL) and Multinomial Probit (MNP) models. The results show that farmers perceive that there is changes in the trends of temperature and rainfall in their respective areas. Empirical results from multinomial discrete model confirm the role of knowledge acquired through extension services and formal education and financial capacity through credits enhancing farmers’ awareness and adopting climate change adaptation measures.  

This study conducted assessment on adaptation options practised at Kokota islet which were almost different from the ones I mentioned above from different studies, in this study adaptation options that has been taken by households were introduced by Community Forest Pemba project.  The study went ahead with assessing factors influencing households’ choices of adaptation options using Multinomial Logit Model to identify factors influencing households’ choices.   
2.5 Research Gap
Based on the above literatures analysis most of them have showed that the studies were mainly focused on perception of farmers towards climate change and variability, decision of farmers to adapt, perception of farmers corresponding with climate data and assessment of adaptation and mitigation options based on economic adaptation, technological, responses and multiple adaptation strategies but they have not yet done at Kokota Islet.  Due to that reality, this study has intended to assess the climate change adaptation options which were introduced by the CFP project and practiced by rural communities at the areas of Kokota Islet so as to understand various adaptation options practiced to combat the impacts of climate change at rural communities at Kokota Islet.  

2.6. Conceptual Framework
The conceptual framework used in this study shows the link between climate change impacts and adaptation options practiced so as to improve livelihoods of rural community.  Figure 2.1 below shows the conceptual framework that has been constructed based on assumption that there are various adaptation options practiced by households to combat climate change impacts so as to improve their livelihoods.  This is not to imply that adaptation options are only associated with livelihood improvement of the rural communities. 













Figure 2.1: Conceptual Framework

The framework also establishes a direct relationship between livelihood activities and the influence climate change has on the people. This is because climate-related shocks often affect stock of livelihood assets, which eventually have their effects on livelihood activities. These often result in reduced production, poor health, insecurity, loss of capitals, poor harvest.  This partly agrees with Smith et al. (2005) that depending on the assets the people have access to which defines livelihood activity opportunities, a household will then choose a set of adaptation strategies to climate change effects. Adaptation strategies are also directly influenced to a very large extent by some socioeconomic characteristics such as educational status, membership of social organization, and access to credit facilities. 
2.7 Summary
The following Table 2.1 shows the summary of different literature reviewed in this study.
Table 2.1: Summary of Literature Review
Intervention variables	Country	Method	Finding	Authors
multiple crop varieties, land fragmentation, multiple planting dates, crop diversification, off-farm employment and cover cropping.  	Southwest Nigeria	Multinomial Logit Regression	household size, age, education, gender, average farm distance, access to credit, tenure security and agro-forestry influencing famers’ choice of adaptation strategies.	Entete, et al., (2015),
Increase use of inorganic fertilizers, Migrating from dry to wet, river banks, and wetlands.  Irrigation farm plots.Applying soil and water conservation mechanismsChange planting datesGrow crops that mature fasterPlanting drought resistance cropsMixing crops on the same plotFocus more on non-farm activitiesPlanting trees around the farm plots for shading and litter production for mulching.	Tanzania	Multinomial Logit Regression	Access to extension services, credit, education level and location positively condition farmers’ choices of climate change coping strategies.	G.J. Sanga, A. B. Moshi and J. P.  Hella, 2013.
change in cropping time, crop type and variety and crop diversification.	Ethiopia	Multinomial Logit Model	Farm size, level of education of household heads, agro-ecology, livestock owned, farm income and credit service significantly and positively influences one or a combination of climate change adaptation options.	Kidanu, et al., (2016).
Mixed farming, agro forestry, adjustment in planting dates, adjustment in harvesting dates, diversification of livelihood, mulching, planting of trees, use of resistance crop varieties, intercropping.	Nigeria	Descriptive statistical tools, trend analysis, Multinomial logit regression	Socio-economic characteristics of the farmers have a significant and influence on their adaptation options to climate change.	Onubuogu, G. C., and Esiobu, N. S. 2014
Crop diversification, use of soil and water conservation practices, integrated crop and livestock diversification, engaging in off-farm income activities, rain water harvesting	Ethiopia 	Multinomial Logit Model	Agro ecological locations, sex, family size, off farm income, livestock holding, frequency of extension contact and training are the determinant factors influencing adaptation strategies.	Legesse, L., Ayele, Y and  Bewket, W. (2013)
changing crop varieties, changing planting dates, planting of shading trees and changing fertilizers.  	Punjab province, Pakistan.  	Multinomial Logit Model	education, farm experience, household size, land area, tenancy status, ownership of a tube well, access to market information, information on weather forecasting and agricultural extension services influence farmers’ choice of adaptation options.  	(Abid, et al., 2015)
Tree planting, soil and water conservation, use of different crop varieties, early and late planting and furrow irrigation.	Uganda	Multinomial Logit Model	age of household heads, farming experience, household size, climate change shocks, land size, use of agricultural inputs, landscape position and crop yields varied influenced farmers’ choice of climate change adaptation options.	Alex et al., (2017).
Changing planting dates, crop varieties, diversification and mixed cropping.	South Africa	Multinomial Logit Model	There was prolonged drought, low crop yield and high crop failure.  	Ubisi, et al., (2017)
Laser levelling of the field and improvement in irrigation structures.	India	Multinomial Logit Model	age, education, farm size, perception on temperature and extension lectures affecting the adaptation choices.	Kumar and Sadina, (2018)
soil conservation, planting of improved variety, changing planting date, diversification to non-farm activity, changing farm size.	Nigeria	Multinomial Logit Model	education of household head, farming experience, land ownership, rainfall and temperature were significant factors that determined the famers’ choice of adaptation strategies to climate change.	Adeoti, et al., (2016)
Source: researcher , 2020
CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Chapter Overview 	
This chapter is dealing with the methodology that has been used in conducting the research. The main focus here was the research strategies, survey population, area of the research, Sampling Design and Procedures, methods of data collection, data processing and analysis and also results of the study.

3.2 Research Paradigm
The philosophical ideology chosen for this study was positivism that adheres to the factual knowledge gained through measurements and observation.  According to Creswell, positivism promotes the ideas that scientific knowledge is derived from the accumulation of data obtained theory-free and value-free from observation.   This suggests that anything that cannot be observed and thus in some way measured (that is quantified), is of little or no importance (Creswell, 2011).  The study has adopted the research philosophy based on the research objective and questions raised according to the specific objectives.  

3.3 Research Strategies
A research strategy is the systematic process of how a research is conducted to solve an inquiry problem.  Saunders et al., (2009), defined research strategy as the general plan of how the researcher will go about assuring the research questions. The study has adopted survey as research strategy since the researcher decides what to study, ask specific, narrow questions, collecting unquantifiable data from participants, analysing data using statistical software like SPSS and conduct inquiry in an unbiased, objective manner.  It is carried out on a sample of respondents from a selected population through the administration of a questionnaire.  Survey is very flexible and can be used to collect different types of data from small or large number of people.

3.4 Survey Population 
The research was conducted at Kokota Islet which has a population (number of households) of 147.  The heads of household were surveyed using questionnaires and the sum of 60 household heads was selected as representative from the population. People in this area are implementing the climate change adaptation options which are tree planting, rain water harvesting, solar energy, fuel efficient cooking stoves and agro-forestry.

3.5 Areas of the Research
This study has conducted in rural area of Pemba Island which form part of the Zanzibar archipelago situated at the coast of Tanzania, East Africa in the Indian Ocean. The Island lies between 40o52’ and 60o31’ South of equator, approximately 50km to the North of the main Island of Unguja. It is characterized by tropical climate dominated by binomial rainfall pattern, the main rain season (Masika) occurs between March and June whereas short rains (Vuli) usually start October and ends in December. Pemba Island has two administrative regions each with two administrative districts.  In each district there are a number of lowest administration levels called Shehias.  In this study the focus was at shehia of Mtambwe Kusini which situated at rural areas, where the Kokota islet found.  
The selection of this research to be conducted at this area was due to fact that the area was implementing the CFP Project which focused on climate change adaptation options. The area is easily accessed, practicable and the low cost incurred during data collection. Kokota islet is located off the West coast of Pemba Island, which again is separated from mainland Tanzania by the deep 50 km wide Pemba Channel, one of the most profitable fishing grounds on the East African Coast. It has elongated shape pointing in a North-South direction.  Kokota is only about 2.5 km long and 0.5 km wide.  

Kokota is separated from the Pemba mainland by about 4 km and is covered by natural scrubs and trees intercepted by small farms and settlements located on the eastern shores facing Pemba. It is coral rag islet with no hills or elevated rocky outcrops.  There are a few beaches on the islet which located on the east coast.  Kokota has no naturally occurring freshwater resources.  The aquifer consists of brackish or sea water with high salinity. Rain water can be harvested for domestic consumption mainly in the wet seasons.  Kokota islet still has much of their scrub forest relatively intact due to low population density and high reliance on fishing rather than cultivation.  

In an effort to prevent degradation of the forest landscape CFP has supported the Kokota community in tree planting. However, based on field survey and consultations with communities, the people of Kokota seem to be representative of rural households in Pemba as a whole.  They are vulnerable to a range of factors including diseases, accidents and extreme weather events affecting their health and livelihoods.  
Livelihoods: The main source of income in Kokota islet is artisanal fishing.  Most of fishers use traditional fishing boats such as double outrigger canoes and dhows.  In addition to fishing some of the local women in Kokota earn an income from seaweed farming.  Agriculture is practiced as shifting cultivation (slash and burn farming) which involves the cutting and burning the forest plots to create temporary farms for seasonal crops. In Zanzibar these farming activities are known as coral rag farming with a variety of food crops e.g. cassava, banana, millet, maize, beans, sweet potatoes and yams.  Some of the produce is sold in Wete District.  Most of the farmers whose main source of income is fishing also keep livestock mainly cattle and goat, as well as poultry in their homesteads.

3.6 Sampling Design and Procedures
The research was employed simple random sampling in the selection of 60 sample size.  It also used purposive sampling to gather information from Shehia leader.  Qualitative and quantitative techniques were used in the data collection.  The qualitative data was collected using semi structured interview and quantitative data was collected using questionnaires.  The study worked with a sample and not the whole population in the study areas due to restriction of time, cost minimization, easily accessibility and more practicable.  
Computation of sample size
                        N
      n = 
               1 + N(e)2 
Where:
n = sample size
N = population size (households number)
e = level of precision (accurate level) 10%
1 = constant
According to the above formula sample size can be obtained through calculation using the given parameters above.

Table 3.1:  Sample size
Sample category	Quantity
Number of households (population size) (N)	147
Accurate level (e)	10% (0.1)
Constant	1
Therefore sample size (n) is 	60
Source: research data, (2015)

3.7 Variables and Measurement Procedures
The types of variables used in this study were continuous or quantitative variables and discrete or qualitative variables.  Continuous variables were interval scale variables whereas discrete variables were nominal variables and ordinal variables from quantity variables. Those variables were measured through survey and interview in which in-person survey was used in obtaining data. In-person survey used questionnaires as a primary measurement instruments and the unit of analysis was almost an individual. The questionnaires were presented to the respondents by an interviewer who was speaking to them face by face. The list of questions was prepared and the respondents were chosen. 

3.8 Method of Data Collection
Methods used to collect data and information was qualitative and quantitative. The primary and secondary data were employed in this study. The quantitative method was relied on random sampling and involved questionnaires and face to face interview. Qualitative method was used to collect secondary data and individual interview as main methods of obtaining information.  

3.9 Data Processing and Analysis
Qualitative and quantitative data analysis has been employed using simple descriptive statistics.  Analysis has been done using analytical approach the MNL model.  The MLN was used to analyse the choice of adaptation strategies which have been practiced by farmers at Kokota Islet.  The advantage of MNL is that it permits the analysis of decisions across more than two categories, allowing the determination of choice probabilities for different categories and it is also computationally simple (Tse, 1987). In analysing data using Multinomial Logit Regression, part of the process involves checking to make sure that the data to be analysed can actually be analysed using Multinomial logit regression and it is only appropriate to use it if the data passes six assumptions that are required for multinomial logit regression to give a valid result. It is not surprised if when analysing data using SPSS Statistics, one or more of these assumptions is violated. Even where the data fails certain assumptions, there is often a solution to overcome this. The six assumptions are:
Assumption one:  Dependent variable should be measured at the nominal level.
Assumption two:  one or more independent variables that is continuous, ordinal or nominal.
Assumption three: independence of observations and the dependent variable should have mutually exclusive and exhaustive categories.
Assumption four:  there should be no multicollinearity.
Assumption five: there needs to be a linear relationship between any continuous independent variable and the logit transformation of the dependent variable.
Assumption six: there should be no outliers, high leverage values or high influential points. 

Assumptions one, two and three should be checked first before moving to assumptions four, five and six.  Assumption four, five and six can be checked using SPSS Statistics.  The type of data collected for this study was the primary data that included socio-economic characteristics of the households, adaptation options, challenges/barriers to implement adaptation options.  The descriptive statistics namely; frequency distribution, percentage and tables were used to realize the objectives.  To describe the MNL model let y be a random variable representing the adaptation measure taking the values, 1, 2, …..J for J a positive integer and let X be a set of conditioning  variables. In this case Y denotes adaptation options or categories and x contain different households. The MNL for adaptation choice specifies the following relationship between the probability of choosing option y and the set of explanatory variable x as (Greene, 2003) is given below:

Prob(yi = J  =         ℮βjxi       ,  J = 0, 1, 2, 3, …..J………………………………….(1)
	 ∑j k=0eβkxi
Where βj is a vector of coefficients on each of the independent variable x.  Equation (1) can be normalized to remove indeterminacy in the model by assuming the β0 = 0 and the probabilities can be estimated as:
Pr(Yi = J/xi) =          ℮βjxi       ,  J = 0, 1, 2, 3, …..J, β0 = 0 …………………………(2)
		 1 + ∑j k=0eβkxi

Where:
J is the number of climate change adaptation options in the choice set.
X is a vector of the predictor (exogenous) socio-economic factors (variables) .
βj is a vector of the estimated parameters.
The implicit functional form for the regression model is:
Where P = Response Probability (J = 0, 1, 2,3, …6) 
The formula of the Multinomial Logit Model (MNL) is given below, Where:
Pr(Y=ji) is the probability of choosing either tree planting, rainwater harvesting, solar energy, fuel efficient cooking stoves and no adaptation options as the reference or base category.
j is the number of climate change adaptation options in the choice set.
Xi is a vector of the predictor (exogenous) socio-economic factors (variables).
βj is a vector of the estimated parameters.

The implicit functional form for the regression model is: where P = Response Probability 
(j = 0, 1, 2, 3, 4, 5, 6).
Y   = Adaptation category J = 1, 2, 3, 4, 5,6
1	= tree planting
2	= rainwater harvesting
3	= solar energy 
4	= fuel efficient cooking stoves
5	= agro-forestry
6	= no adaptation
The explanatory variables are as follows:
Y = f(X1, X2, X3, X4, X5, X6, X7,)
X1 = Age
X2 =Sex
X3 = Marital status
X4 = Education level
X5 = Number of years lived in the area
X6 =Access to climate change information




















This section provides the results derived from the survey designed to assess adaptation options to climate change.  The chapter has been divided into four main sections.  The first section explains descriptive statistics, the second section explains the climate change impacts, the third section explains the adaptation options practiced by the households and the forth section explains challenges encountered in implementing adaptation options. 

4.2 Descriptive Statistics
4.2.1 Characteristics of Respondents 
The respondents in this study were the households’ heads.

 4.2.2 The Age of Households
The majority of respondents, who lived at Kokota islet area fall under the age group of 36 - 60 years which account for 55 percent, followed by the age group of 18 – 35 years old which accounts for 36.7 percent.  The age group above 60 years old was account for 8.3 percent. This implies that the information gathered was met requirements since the results show that almost all respondents were adult people.  In the study area is dominated by young individuals.  This implies that younger farmers are likely to adopt new innovation faster than the older one.  This finding is in agreement with Gbetibouo, et al., (2010). 
4.2.3 Sex  
In considering gender wise the results show that 90 percent of respondents at Kokota islet were male whereas 10 percent of respondents were female.  This implies that males are more likely to be heads of households. 

4.2.4 Marital status
In terms of the marital status of the respondents the results indicate that 91.7 of respondents at Kokota islet were married. Also 8.3 percent of respondents were widow. The results imply that most of the respondents were people with responsibilities in their families.
 
4.2.5 Household’s Size
 The results show that household with family members between 4 - 6 accounts for 48.6 percent of respondents and 28.6 percent of respondents have household size of 1 – 3 people, while 7 – 10 household size accounts for 17.1 and the household size above 10 people accounts for 5.7 percent. This implies that more than a half of households have the number of people more than 4 which means there is enough labour availability.  

4.2.6 Education Level
The results show that the level of education attained by the respondents revealed that 95 percent of the respondents were not attended to school, 3.3 percent their level of education is primary school and 1.7 percent attained secondary education.  This implies that illiteracy is a big problem to the most of household’s members at Kokota. 
4.2.7 Number of Years Lived in the Area
Furthermore, at Kokota islet 41.7 percent of respondents stayed in the area for long period of more than 30 years whereas 36.1 percent of respondents lived in the study area between 21 – 30 years.  Also results show that 22.3 percent of respondents lived in the study area between 1- 20 years. The results show that most of household members lived at the area for long period which implies that they know the actual situation of their area.  

4.3 Climate Change Impacts
The study observed that there was greater severity of drought in the area.   Surveyed households reported having encountered stresses due to climate change like drought, strong winds, sea water surface temperature rise.  Also the study found that the effects due to climate change hazards were low yields of crops, fish catch has been decreased, diseases in plants and animals and diseases in human.   The results show that 96.6 percent of respondents at Kokota islet responded that the major climate change hazard was severe drought.  Strong winds accounts for 13.8 as the second major climate change hazard.  Furthermore, the results revealed that 3.4 percent of respondents from Kokota pointed out that sea water surface temperature have increased.      

Table 4.1: Climate Change Hazards





Source: research data (2015)
4.3.1 Perception of Respondents towards Climate Change Variables
4.3.1 Perception of Respondents towards Climate Change Variables
Table 4.2 reveals that all households surveyed in the study area have observed an increase in temperature level which indicates the significant increase in temperature for over 10 years in the area.  Furthermore, results also revealed that all respondents observed the decrease in rainfall.  This implies that the rainfall has significantly decrease and majority also observed rainfall intensity as high rain and for short period of time.    

Table 4.2: Perception of Respondents on Climate Change Variables
Climate variables	Perception	% of respondents
Temperature	Increase Decrease No change	10000
Rainfall amount	IncreaseDecreaseNo change	01000
Rainfall intensity	High rain and for short period of timeShort rain and for long period of timeShort rains and for short period of timeNo change	758.316.70
Source: research data, 2015

4.3.2 Impacts Caused by the Climate Change
The study asked about the climate change impact and results in figures 4.1 show that 53.33 percent of respondents pointed out those low yields of crops were the main impact. The results also show that 25 percent of respondents pointed out that fish catch has been decreased due to the climate change.  Diseases in plants and animals accounted for 15 percent whereas diseases in human accounted for 6.67 percent of respondents admitted that was the impact caused by the climate change. Makame et al. (2015) on their study noted similar findings on their study at the eastern Cost of Zanzibar which showed that the households experienced periods of inadequate availability of staple food, fish and vegetable throughout the year.   

Table 4.3: Impacts Caused by Climate Change
Impacts	No. of respondents	Percentage
Low yields of crops	32	53.33
Fish catch decreased	15	25
Diseases in plants and animals	9	15
Diseases in human	4	6.67
Total	60	100




When respondents asked on water availability for the domestic and other uses, the results revealed that 93.33 percent of respondents responded that water scarcity was the impact of climate change while 6.67 percent of respondent pointed out that water is available. This implies that at Kokota islet there is severity of ground water depletion hence no sources of clean and safe water for domestic uses and other purposes which encouraged households to adapt the other alternatives such as accessing water which brought from Wete area at Main Island through buying from vendors and also rainwater harvesting. 

Table 4.4: Shows Water Availability at Kokota




Source: research data, 2015
4.3.4 Livelihood Activities Impacted by the Climate Change
Major livelihood activities in the study area are fishing and crop farming.  The results in the Table 4.5 shows that 30 percent of respondents pointed out that crop farming activity were impacted by climate change while 25 percent of respondents were admitted that fishing activities were impacted.  45 percent of respondents pointed out that both crop farming and fishing were impacted by the climate change. 

Table 4.5: Respondents Percentage of Livelihood Activities Impacted by Climate Change 





Source: research data, 2015


4.3.5 The Extent of Impacts
The results show that 97.2 percent of respondent pointed out that the extent of impact of climate change at Kokota islet was at of 70 – 100% which indicated that there was a large extent of impact, while 2.8 percent of respondents account for 20 – 49% which indicates that the extent of impact was small.  This implies that the impact is big and this makes Kokota islet to be vulnerable to climate change. 

4.3.6 The Most Affected Groups by the Climate Change	
At Kokota islet men were the most affected group by the climate change followed by women. Children were also the affected group by the climate change as shown in the Table 4.6.  According to Assan (2015), men and women in most developing countries are vulnerable to climate when their livelihood are greatly dependent on local natural resources for their livelihood.  Both men and women are not only vulnerable to climate change but they are also effective actors of change in relation to both mitigation and adaptation. At Kokota islet the men are travelling long distance by boats searching for water and women searching for firewood. 

Table 4.6: Respondents Percentage of the Most Affected Group by the Climate Change Impacts








Source: research data, 2015

4.4 Climate Change Adaptation 
4.4.1 Adaptation Options Practiced at Kokota Islet 
The Community Forest Pemba Project (CFP) has supported rural communities in Pemba Island in undertaking adaptation options to climate change. Various adaptation options were practiced including tree planting, water harvesting, solar energy, beekeeping, agro-forestry, fuel briquettes and fuel efficient cooking stoves.  The adaptation options for this study were based on asking household heads about adaptation options introduced by the CFP project and implemented.  From responses,  adaptation options implemented were Tree planting, Rainwater harvesting, Solar energy, Fuel efficient cooking stoves and Agro-forestry.  

The results  in Table 4.4 revealed that 40 percent of respondents at Kokota islet said  that tree planting was the first adaptation option implemented to combat climate change impact, while 25 percent of respondents pointed out that solar energy was the second adaptation option implemented and fuel efficient cooking stoves was the third adaptation option implemented which accounts for 15 percent of respondents and 20 percent  of respondents said that  they have not implemented any adaptation option.  This implies that households admit that planting trees improve shading, shelter and produce litter which is important for mulching and making farmyard manure.     

Table 4.7: Respondents Percentage of Adaptation Practices At Kokota Islet












The results in the Table 4.8 shows that 45 percent of respondents agreed that there is livelihood improvement and 53.33 percent of respondents said that there is no livelihood improvement while 1.67 percent of respondents strongly disagreed that the livelihood has not been improved.  This indicates that adaptation options implemented were to some extent appropriate and improve livelihood.  This implies that there was a good number of households at Kokota that adopt adaptation options and hence the livelihood of people at Kokota islet who practiced adaptation options are much better compared to those who did not. 
Table 4.8: The Percentage of Respondents on Livelihood Improvement











Econometric model and results: Multinomial Logit Model (MNL) was used to determine factors influencing choice of adaptation options by sample households to reduce adverse effect of climate change.  The estimation of the MNL was made by normalizing one category, which is normally referred to as “base category”.  In this analysis, no adaptation option was used as the base category.  The likelihood ratio statistics as indicated by the chi-square statistics was found to be highly significant (Table 4.6).  

Before running the model, it is useful to look into account the problem of multicollinearity among the independent variables. To this effect, all the 7 explanatory variables were checked for multicollinearity using Variance of Inflation (VIF).  VIF for all variables were less than10 (1.04 – 2.09), which indicate that multicollinearity is not a serious problem in model estimation.  Therefore, all hypothesized explanatory variables were included in the model.  The estimated coefficients of MNL model and their levels of significance are presented in table 4.6.  Therefore, in this study only those variables whose coefficients were statistically significant at less than or equal to 5% probability levels were discussed.  
This study uses the MNL model to analyse the determinants that affect farmers’ choice of adaptation options. This is because the model gives more precise estimation results than the MP model (Kropko, 2008).  Moreover, the MNL model has been successfully and commonly used in some studies (Hassan and Nhemachena, 2008; Kurukulasuriya and Mendelsohn, 2008; Bryan et al., 2009).   Farmers choice of adaptation strategies is a discrete and mutually exclusive choice.   To describe the MNL model let y be a random variable representing the adaptation measure taking the values, 1, 2, …..J for J a positive integer and let X be a set of conditioning  variables.  In this case y denotes adaptation options or categories and x contain different households.  The MNL for adaptation choice specifies the following relationship between the probability of choosing option y and the set of explanatory variable x as (Greene, 2003) is given below:
Prob(yi = J)  =         ℮βjxi       ,  J = 0, 1, 2, 3, …..J			(1)
	 ∑j k=0eβkxi

Where βj is a vector of coefficients on each of the independent variable x.  Equation (1) can be normalized to remove indeterminacy in the model by assuming the β0 = 0 and the probabilities can be estimated as:
Pr(Yi = J/xi) =          ℮βjxi       ,  J = 0, 1, 2, 3, …..J, β0 = 0		(2)
		 1 + ∑j k=0eβkxi
Where:
J is the number of climate change adaptation options in the choice set.
X is a vector of the predictor (exogenous) socio-economic factors (variables) .
βj is a vector of the estimated parameters.
The implicit functional form for the regression model is:
Where P = Response Probability (J = 0, 1, 2,3, …6) 
The formula of the Multinomial Logit Model (MNL) is given below, Where:
Pr(Y=ji) is the probability of choosing either tree planting, rainwater harvesting, solar energy, fuel efficient cooking stoves and no adaptation options as the reference or base category.
j is the number of climate change adaptation options in the choice set.
Xi is a vector of the predictor (exogenous) socio-economic factors (variables).
βj is a vector of the estimated parameters.
The implicit functional form for the regression model is: where P = Response Probability 
(j = 0, 1, 2, 3, 4, 5, 6).
Y   = Adaptation category J = 1, 2, 3, 4, 5,6
7	= tree planting
8	= rainwater harvesting
9	= solar energy 
10	= fuel efficient cooking stoves
11	= agro-forestry
12	= no adaptation
The explanatory variables are as follows:
Y = f(X1, X2, X3, X4, X5, X6, X7,)
X1 = Age
X2 =Sex
X3 = Marital status
X4 = Education level
X5 = Number of years lived in the area
X6 =Access to climate change information
X7 = Access to credit or fund

Age: The results indicated that the household heads age was positively significant relationship with using tree planting as adaptation option and negatively significant with rainwater harvesting, solar energy and fuel efficient cooking stoves.  For instance, a one year increases in the age of household head increase in probability of choosing tree planting.  Also increasing the age of the household head by one year decrease the probabilities of choosing rainwater harvesting, solar energy, fuel efficient cooking stoves and agro-forestry. 

As indicated by Hassan & Nhemachena (2008) the influence of age on adaptation choices has been mixed in the literature.  Some studies found that age had no influences on a farmer’s decision to participate in forest, soil and water management activities while others found that age is significantly and negative related to farmers’ decisions to adopt.  However, Bayard, et al. (2007) found that age is positively related to the adaptation options.  As time increases, the adaptation options become old hence there is a need for modern adaptation practices by the government to complement existing local adaptation measures used by the households in the area, Gbetibouo (2009).   

Sex: The results indicated that sex had a positively significant relationship with usingto rainwater harvesting, solar energy, fuel efficient cooking stoves and agro-forestry and negative relationship with tree planting as adaptation options to climate change in the area.  Sex of the household head is one of the significant variables that affect the overall performance of farmers for the adaptation options. Various studies have shown that gender is an important variable affecting adoption decision at farm level. Female farmers have been found that to be more likely to adopt natural resource management and conservation practices (Baryad et al. 2007. However, some studies found that household gender was not a significant factor influencing a farmers’ decision to adopt conservation measures (Bekele & Drake, 2003).  However, this result is contradicting with the finding of Apata and colleague (Apata et al. 2009) who argued that sex has no statistically significant relation with adaptation strategies.

Marital status: The result indicated that marital status had a negative relationship with all households’ adaptation options to climate change in the area.  Marital status was negatively significant to tree planting, rainwater harvesting, solar energy, fuel efficient cooking stoves and agro-forestry.   This implies that marital status had no influences on a farmer’s decision to participate in tree planting, rainwater harvesting, solar energy, fuel efficient cooking stoves and agro-forestry.   Majority of farmers were married, this implies that greater proportion of farmers in the area are married which increases ease to production variables such as land and labour which are traditionally owned and provided by husband (Onubuogu and Esiobu, 2014).  

Educational level: The results indicated that educational level of the household heads had a positive and significant relationship with using solar energy and agro-forestry.  An increase in one unit in the year of education of household increases the probability of choosing solar energy and agro-forestry.  The probable reason for the positive relationship is due to the fact that educated households have more knowledge of climate change and are ready aware of various techniques and management practices that could be employed to counteract the negative impact of climate change in the area. It was expected that farmers with higher levels of education are more likely to adapt better to climate change using various methods because a farmer who has more years of education is more likely to adopt improved methods and expected to be more efficient to understand and obtain new technologies than less educated people.  On the other hand, more educated farmers are more likely to get information on new technologies.  Bayard et al. (2007) partially supports this finding when argued that evidence from Africa where farmers with higher educational level were expected adapting better to the climate change.

The result is contradicting with Legesse and colleagues (Legesse et al. 2013) who argued that explanatory variables, including education had no statistically significant effect on adaptation strategies.

Household size: The results indicated that household size had a positive and significant relationship with using rainwater harvesting and fuel efficient cooking stoves while   it is significant and negative relationship with solar energy and agro-forestry.  Large household size increases the likelihood of choosing rainwater harvesting and fuel efficient cooking stoves as adaptation options in the study area.  As Onubuogu et al. (2014) argued that not household size is a substitution to labour availability. Therefore, larger households are likely to have a lower probability to adopt new agricultural practices since households with large households’ size are likely to divert labour force to off-farm activities in an attempt to earn more income to ease the consumption pressure imposed by a large family size.  

Number of years lived in the area: Number of years the households have lived in the area appears to negatively relationship with using tree planting and agro-forestry as the adaptation options to the area.  However, the factor appears to positively and significantly influence the likelihood of choosing rainwater harvesting, solar energy and fuel efficient cooking stoves.   This finding is confirmed by the study undertaken by Sanga et al. (2013) who have noted that number of years the household has lived in the location appears to negatively and significance influence the probability of adapting increase use of inorganic fertilizers and tree planting.  However, the factor appears to positively and significantly influence the probability of adopting early planting, practicing soil and water conservation mechanism and practicing mixed cropping. 

Access to climate change information: Access to climate change information had a positive significant relationship with using adaptation options to impact of climate change.  This indicates that access to climate information has increased the likelihood of choosing tree planting, rainwater harvesting, solar energy, fuel efficient cooking stoves and agro-forestry.   Information on climate variables like temperature amount, relative humidity, rainfall amount and sunshine duration has really helped farmers in the area on the time to plant particular variety of crops.  

A number of studies confirm these results such as one by Maddison (2006) who have separately noted that farmers’ access to information to climate change is likely to enhance their probability to perceive climate change and hence adopt new technologies and take up adaptation techniques. Lack of information to adaptation could be contributed to the fact that the researches on climate change and adaptation options have not been strengthened and thus information is lacking in this area.   Also as farmer’s outreach programs are not well coordinated, therefore some of the farmers are lagging behind.  

Access to credit: The results indicated that access to credit has a positive and significant relationship with using tree planting, rainwater harvesting, fuel efficient cooking stoves and agro-forestry and negatively significant in using solar energy. As expected access to credit increase the likelihood of adaptation (Gbetibouo, et al., 2010).  Lack of financial resources is one of the main constrains of adjustment to climate change. In a study on Tanzania O’Brien et al. (2000) reports that despite numerous adaptation options that farmers are aware of and willing to apply, the lack of sufficient financial resources to purchase the necessary inputs and other associated equipments is one of the significant constraints to adaptation. 





Table 4.9: Estimated Multinomial Logit Analysis of the Factors Affecting the Choice of Adaptation Options
Variables	Tree planting	Rainwater harvesting	Solar energy	Fuel efficient cooking stoves	Agro-forestry


















4.5 Challenges Encountered in Implementing Adaptation Options
Households at Kokota islet are facing various challenges in implementing adaptation options.  The households listed different challenges related to adaptation options that can make their lives very difficult in the presence of extreme events caused by climate change. The challenges pointed out by households were lack of knowledge and information on adaptation options, government support on the means of adaptation options and poverty. 

The results show that 45 percent of respondents pointed out that lack of information and knowledge on climate change adaptation is the major challenge in implementing adaptation options. Also the results revealed that 28.33 percent of respondents at Kokota showed that lack of government support on the means of adaptation options was the second challenge. Poverty was another challenge at Kokota which counted 6.67 percent of respondents. Others who accounted for 20 percent said they don’t know.  Most of these constraints are associated with poverty.  For instance, lack of money hindering farmers from getting the necessary resources and technologies which assist in adapting to climate change.  

Deressa et al. (2008) reported that adaptation options are costly. As expected, access to credit increases the likelihood of adaptation.  Poverty or lack of financial resources is one of the main constraints to adjustment to climate change.  In a study in Tanzania, O’ Brien et al., (2000) reports that despite numerous adaptation options that farmers are aware of and willing to apply the lack of sufficient financial resources to purchase the necessary inputs and often associated equipment eg. purchasing seeds, acquiring transportation, hiring temporary workers is one of the significant constraints to adaptation.  Lack of information to adaptation could be contributed to the fact that the researches on climate change and adaptation options have not been strengthened and thus information is lacking in this area.   Also as farmer’s outreach programs are not well coordinated, therefore some of the farmers are lagging behind.  

Table 4.10: Shows Challenges in Implementing Adaptation Options
Challenge	No. of respondents	Percentage
Lack of information and knowledge on climate change.	27	45






















The objectives of this study were to assess the climate change adaptation in improving the livelihood of rural communities. To identify the climate change impacts on livelihood activities to rural community at Kokota islet. To identify the climate change adaptation options implemented to rural community at Kokota islet.  To identify challenges encountered in implementing adaptation options to reduce the adverse impacts of climate change. The results of this study show that the climate change impacts at the study area were low yields of crops, diseases in plants and animal, disease in human, decrease in fish catch and water scarcity.  The adaptation options implemented were tree planting, solar energy, rain water harvest, fuel efficient cooking stoves and agro-forestry.   

The results from the multinomial logit regression model revealed that age of household heads, sex, education level, number of year lived in the area, lack of knowledge and information on climate change adaptation options, lack of government support on the means of adaptation and access to credit influencing the households’ choice of adaptation options.  The findings of this study have shown that there is a need to improve accessibility of climate change information in the study area and other areas through extension agents and media (if possible community radios). Also accessibility to financial system (credit, loans, grants) which will enhance capacity of resilience to climate change adverse effects.  Agricultural policy programs should focus on intensifying education on climate change this will influence farmers to adapt to climate change positively.  The government should strengthen relationship between extension agents and smallholder farmers for betterment of climate change adaptation. 

Areas for further studies: Kokota islet has already impacted by climate change and the Community Forest Project has already introduced the adaptation project and in my assessment I found that the type of adaptation options introduce by the CFP project were not demand-driven in the area as the main livelihood activities are fishing and cultivation. So I recommend for further study on the following topics:
i	Assessment of indigenous methods used as adaptation options to climate change impacts
ii	Assessment of the methods of fishing in Kokota islet related to impacts of climate change
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APPENDIX I: Questionnaire for the Household 
This questionnaire has the aim of gathering information about the study titled Assessment of climate change adaptation in improving livelihood of rural communities (A case study of Community Forest Pemba).   This study is conducted as partial fulfilment for award of Masters’ Degree in Project Management at the Open University of Tanzania (OUT).
A: Household Background 

1. Name of household head: .....................................................................................................

2.  Age of household head  1. 18 – 35yrs (  )  2. 36 – 60yrs (  )  3. Above 60 yrs (  )

3. Sex: 1. Male (  )  2. Female (  ).

4.   Marital status: 1.  Single (    )	2. Married (    )	3. Widow (    )

5.  Education level:  1. Primary education (  )   2. Secondary education (  )   3.  Adult education  	4. Not attended	

6.  Household size: 1. 1 – 3 members (  )  2. 4 – 6 members (  ) 3. 7 – 10 members (  )

7.  Number of years lived in the area:  1. 1 – 10 yrs.(  )  3. 11- 20 yrs. (  ) 
 4. 21 – 30 yrs.(  )  5. Above 30 yrs. (  ) 	


B: IMPACTS OF CLIMATE CHANGE
Do you think climate change has already happened?  Yes  (  )  No  (   )
If the answer to Q is yes how did you feel that on your farming activities?........................................................................................................................
Have you noticed any change in the length of dry seasons and the temperature to it in recent years?  Yes  (  ) 	No  (   )
If yes specify the changes ..................................................
If yes how much? .......................................
Have you faced any disaster or failures in crop production in recent years?	Yes (  )	     No (  )
How do you evaluate the trend of crop production for the last ten years?
Increasing (  )	decreasing (  )	the same (  )	do not know (  )
Did you face any crop shortage during the last five crop season due to any effect of climate change?  Yes  (  )   No  (  )
If the answer to Q is yes, for which of the following options did you face?
High temperatures  (   )	increase the rainfall   (   )	short rainy season  (  ) decrease in rainfall  (   )	low  temperatures  (  )  others specify ...........................
How did you solve the problem?.........................
Use the options below to answer the following questions according to your level of agreement or disagreement: 5 – strongly agree, 4 – agree, 3 – neutral, 2 – disagree and 1 – strongly disagree.
	Description of statements	Options
		5	4	3	2	1
	Climate change impacts occur in your area.					
	Impacts of climate change have led to failure of crops.					
	Impacts of climate change have led to shortage of pasture.					
	Occurrence of diseases in plants has increased due to the impacts of climate change.					
	Occurrence of livestock diseases has increased due to the impacts of climate change.					
	Occurrence of diseases in human has increased due to the impacts of climate change.					
	Sea water intrusion to the crop field due to the impacts of  climate change					
	Sea water intrusion to the settlements due to the impacts of climate change.					
	Sea water intrusion to the shallow wells due to the impacts of climate change.					
	There is water scarcity due to impacts of climate change.					
	Drought has observed in the past 10 years.					
	Strong winds have observed in the past 10 years.					
	Floods have observed in the past 10 years.					
	Surface sea water temperature ha s increased in the past 10 years.					
	Temperature is rising in the past 10 years.					
	Rainfall is decreasing in the past 10 years.					
	There is change in both temperature and rainfall in the past 10 years.					
	Food insecurity has increased in the past 10 years.					
15. Please explain to what extent the above mentioned livelihood activities have been affected by the climate change impacts in your farm.
1. Large extent 70% - 100% (  )   2. Medium extent 50% - 69% (  )     3. Small extent 20% - 49% (  )   Very small extent 1% - 19% (  )  5. Not impacted 0% (  )   6. Don’t know (  ).
16. Which group of people is more affected by climate change impacts?
1. Men (    )	2. Women  (    	) 	3. Youth  (    )  	4. Others (please specify)..........................
17. What do you think can be done about it to improve the situation?
..................................................................................................................................................................................

D: CHALLENGES ENCOUNTERED IN IMPLEMENTING CLIMATE CHANGE ADPTATION AND MITIGATION
24. Do the following challenges have been encountered in implementing Climate changes adaptations? 
a. Lack of information and knowledge on climate change impacts and adaptation options
	1. Yes (   )  2. No (   )
	b. Lack of Government support on means of adaptations
	1. Yes (   )  2. No (   )
	c. Poverty
	1. Yes (   )  2. No (   )
	d. Population 
	1. Yes (   )  2. No (   )
Can you mention the major challenges in confronting the climate change effects?
What are the major challenges you face in livestock production?









	Fuel energy efficient cooking stoves




	Migration as fish distribution changes













High temperature on surface water

Sea level rise

Reduced food security














